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(54) image formation method 

(57) A method for forming an image comprises the 
steps of dividing an inputted image into a plurality of unit 
areas, preparing at least five gradation conversion 
tables relating a density value of the density data to a 
dot generation energy value corresponding to a size of 
a dot to be printed^ preparing a matrix dividing each of 
the unit areas into predetermined nunnber of element 
areas, dividing each of the unit areas into predeter- 
mined number of the element areas by means of the 
matrix, assigning one of the plurality of gradation con- 
version tables to each of the element area in each of the 
unit area, and recording the dots converted from the 



density data, wherein the plurality of conversion tafcrfes 
are prepared in such a manner that there ex^ts at least 
three converted energy values other ttian the minimum 
and the maximum values thereof at an arbitrary density 
value in halftone density, and wherein the plurality of 
conversion tables are prepared in such a manner that 
the number of elemient areas in which the minimum 
value of the converted energy is assigned is more than 
half of the number of all the element areas at the mini- 
mum density level having the maximum value of the 
converted energy. 
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Dosenptlart 

fOOOl] The present invention relates to an image foi - 
mation method and m particular to an image formation 
method effective for providing a tecoid jmage of high 
quality. 

Descr ip tion of R e ia ted Art 

{0002] In recent years, full-color lasei beam printers 
and thermal transfer printers have been rapidly finding 
spreading use as output terminals of personal comput- 
ers, worKstattons, etc, in ttiis case, required perform- 
ance is a capability of outputting texT data, tine drawing 
data, and image data, namely, continuous-tone output is 
required. 

{0003] As this Kind of system, for example, a system 
disclosed in Unexamined Japanese Patent No. Hei 9- . 
1866 is well known, 

[0004] The system divides an image into a plurality of 
blocks, changes the iriput/output characteristics corre- 
sponding to the positions of pixels therein for each 
block, converts image data density level into density 
level to recorded dots, ard changes and disperses the 
positions where dots of the same size are recorded for 
each block, thereby preventing appearance of structural 
pattern in the image such as moire, 
[0005] Basically, the conventional system is a kind of 
a pseudo area gradation technique using a multilevel 
dither melhodi having only less discrete density Jevel. 
However, the cor?figuration as described above is 
adopted, namely, size, placement regularity of recorded 
dots is weakened as much as possible, thereby prevent- 
ing appearance of structural pattern in the image such 
as moire. 

[0006] In more detail, image data is converted from 
R(red). G(green), and B(blue) of brightness data into 
density data of three primary colors of C(cyan), 
M(magenta). and Y(yellow) for printing, then an under 
color is removed for preparing a black plate based on 
the density data, and C, M, Y and BK (black) data is 
prepared. Further, correction processing such as mask- 
ing is applied, then gradation processing is executed in 
such a manner that the pixels at the positions in the 
block described above are divided into odd and even 
lines and different gradation conversion table character- 
istics are applied to each of the lines. 
[0007] However, in the system, the gradation conver- 
sion table characteristics are monotonous, thus occur- 
rence of roughness is inevitable when low-density 
recorded pixels are formed on a white background. 
[(K)08] The systert) assumes that a printed matter has 
stable characteristics. In fact, it is necessary to consider 
printing on a printed matter which is hard to say that its 



d)aracterislics ave. always, staole. That ^s. with.pnolo- 
sensitive niateriai for thermal developing or phpto-ther - 
nial^sensitive recording material ^ven if energy at the 
mtnimum ievei required tor recording is gmn, \bjesm\6 
:5 as to whether or not color is developed varies due to 
variation in sensitivity caused tDy humidity; etc. , and the 
print result becomes delicately different 

SUMMA RY OF THE iNVENJjON 

[0009] It is therefore an object of the present invention 
to provide an image formation method which can also 
be used for printing on a printed matter which is hard to 
say that its characteristics are always stable and is 

15 effective for providing a high-quality recording image. 
[00101 In order to achieve the above object, there is 
provided a method for forming an image conprising the 
steps of: dividing an inputted image into a plurality of 
unit areas; preparing at least five gradation conversion 

:jo tables relating a density value of the density data to a 
—dot generation energy value corresponding to a size of 
a dot to be printed; pr^aring a matrix dividing each of 
the unit areas into predetermirjed niJm&erof element 
areas; dividing each of the unit areas into predeter- 
mined number of the element areas by means of the 
matrix; assigning one of the plurality of gradation con- 
version tables to each of the element area in each of the 
unit area; and recording the dots converted from the 
density data, wherein the plurality of conversion tables 
. so are prepared in such a manner that there exists at least 
three converted energy values other than the minimum 
and the maximum values thereof at an arbitrary density 
value in halftone density, arxi wherein the plurality of 
conversion tables are prepared in such a manner that 

55 the number of element areas in which the minimum 
value of the converted energy is assigned is more than 
half of the number of at! the element areas at the mini- 
mum density level having the maximum value of the 
converted energy, 

40 [0011] In the method, the inputted image data may 
include a plurality of color plate image data, and aH the 
atx)ve steps may be executed with respect to each of 
the color plate image data. The plurality of color plate 
image data may be image data erf cyan, magenta, yel- 

45 low and black plates. 

[0012] Here, there may be prepared at least three 
kinds of matrixes in which the numbers of the element 
areas arranged in one of the horizontal direction and the 
vertical direction thereof are different from each others. 

50 [0013] With respect to one of the color plate image 
data, the assignment of the plurality of conversion 
tables to the each of the element areas are executed 
exclusively and as random. The one color plate image 
data is a color plate image data having the least density. 

55 specifically, the yellow color plate data. 

[0014] In the method, with respect to the color plate 
image data other than the one color plate image data, 
the assignment of the plurality of conversion tables to 
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the eatch of the element areas are executed based on a 
predetermined rule. The predetermined rule is different 
from each others in the color plate image data. 
(001 5] Accordf ngty, even H recorded pixels at low den- 
sity are formed on a white background, occurrence of s 
roughness can be decreased remarkably. Therefore, 
the image formation method can also be used for print- 
ing on a printed matter which is hard to say that charac- 
teristics thereof are always stable, and can provide a 
high-quality recording image. ^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 61 In the accompanying drawings: 



FIO. 1 is a block diagram to show a schematic con- 
figuration of a color image formation system for 
realizing an image formation method according to 
the present invention; 

FIG. 2 is an illustration to show conversion charac- 20 
teristic of BK for a gradaition corwersion taW 
FIG. 3 is an illustration to show conversion charac- 
teristic of C for the gradation conversion table: 
FIG. 4 is an Illustration to show conversion charac- 
teristic M for the gradation conversion table; 25 
FIG. 5 is an illustration to show a conversion matrix 
forBK; 

FIG. 6 is an illustration to show a conversion matrix 
for C; 

FIG. 7 rs an illustration to show a conversion matrix 30 
for M and Y; 

FIG, 8 is an enlarged view of BK highlight recorded 
dots; 

FIG. 9 is an enlarged view of BK halftone recorded 
dots; 

FIG. 1 0 is an enlarged view of BK shadow recorded 
dots; 

FIG. 11 is an illustration to show another conversion 
characteristic of BK for a gradation conversion 
table; 40 
FIG. 12 is an illustration to show another conversion 
characteristic of C for the gradation conversion 
table; 

FIG. 1 3 is an illustration to show another conversion 
characteristic of M for the gradation conversion 45 
table; 

FIG. 1 4 is an illustration to show another conversion 
characteristic of Y for the gradation conversion 
table; 

FIG. 15 is an illustration to show one example of a so 
gradation conversion table for gradation conversion 
with respect to the conversion characteristic of BK; 
FIG. 16 is an illustration to show one example of a 
gradation conversion table for pulse width assign- 
ment with respect to the conversion characteristic 55 
of BK; 

FIG. 17 is an illustration to show one example of a 
gradation conversion table for gradation conversion 



with respect to the conversion characteristic of C; 
FIG- 18 is an illustration to show one example of a 
gradation conversion table for pulse width assign- 
ment with respect to the conversion characteristic 
of C; 

FIG. 19 is an illustration to show one example of a 
gradation conversion table for gradation conversion 
with respect to the conversion characteristic of M; 
FIG. 20 is an illustration to show one example of a 
gradation conversion table for putse width assign* 
ment with respect to the conversion characteristic 
ofM; 

FIG. 21 is an illustration to show one example of a 
gradation conversion table for gradation conversion 
with respect to the conversion characteristic of Y; 
FIG. 22 is an illustration to show one example of a 
gradation conversion table for puise width assign- 
ment with respect to the conversion characteristic 
of Y; and 

FIG. 23 is an illustration to show repetitive repro- 
clucibility^of printing; 

HFTAILED DE SCRIPTION OF TNP PRFFERRED 
EMBODIMENT 

[001 7J Referring now to the accompanying drawings, 
there are shown preferred embodiments of the present 
invention, 

[001 81 FIG. 1 is a block diagram to show a schematic: 
configuration of a color image formation system for real- 
izing an image formation method according to one, 
embodiment of the present invention. 
IP019] In FIG. 1. numeral 10 is a digital data output; 
unit at the preceding stage, numeral 20 is an image 
processor, and numeral 30 is a thermal transfer printer. 
The data on which image processing is performed in the 
image processor 20 is a total of 24 bits of eight R bits, 
eight G bits, and eight B bits, 

[0020] The image processor 20 has a density conver* 
sion section 21. a conversion table 22, a black plate 
preparation and under color removal (UCR) section 23, 
a color con-ection section 24. a data selector 25. and a 
gradation processing section 26. 
[0021 ] When the thermal transfer printer 30 is started, 
digital image data is output from the digital data output 
unit 10 to the image processor 20. 
[00221 The image data inputted to the image proces- 
sor 20 (RGB brightness data) is converted into density 
data of C, M. and Y of three primary colors for printing 
by the density conversion section 21 using the conver- 
sion table 22. 

[00231 Next, the CMY density data is sent to the black 
plate preparation and UCR section 23. which then per- 
forms under color removal for preparing a black (BK) 
plate. Resultantiy, the black plate preparation and UCR 
section 23 outputs C. M. Y and BK density data. 
[00241 Then, the CMY density data is inputted to the 
color correction section 24 and undergoes processing 



such as maskSna In FIQ. i; the CMY ^^erisiiy data 
undef^oing the piocessing is shov^al as Y\ . 
[0025] Next the data, selector as. selects only one 
cofpr data from among the CVM', Y\ arid BK density 
data and Inputs the seiected data to the gradation 
processing section 26. 

[0026] The gradation processing section 26 performs 
processing of Introducing a screen angle to prevent 
moife into the 'input data and processing of converting 
the input data into a special density value using a grada- 
tion conversion table described later 
[00271 The processing of introducing a screen angle 
to prevent moire is similar to processing performed hith- 
erto and will not be discussed again. The conversion 
processing using a gradation conversion table will be 
discussed 

[0026] FIG- 2 to FIG. 4 show examples of gradation 
conversion characteristics. FIG. 2 shows the BK color 
gradation conversion characteristic, FIG. 3 shows the C 
color gradation conversion characteristic, and FIG ^ 4 
shows the M and V color gradation conversion charac- 
teristics: : : 

[0029] tn FIG. 2 to F!G. 4, the horizontal axis denotes 
input image tone density and the vertical axis denotes 
the record pulse width (time) corresponding to the 
recorded dot size Here, the input image tone density 
has 256 gradation steps (0-255). 
[0030] For the gradation conversion characteristics 
shown in FIG. 2 to FIG. 4, characteristic curves to show 
the relationship between input image tone density and 
energy to generate recorded dots are set to at least five 
lines or more (16 lines of A to P in FIG. 2. 10 lines of A 
to J in FIG. 3. and eight lines of A to H in FIG. 4) 
[0031] The bottom of the lines indicates a threshold 
value of the recorded dot generation. From the level, the 
characteristic lines grow up in proportion to the increase 
of the tone density. 

[0032] In the gradation conversion characteristics 
shown In FIG. 2 to FIG. 4. there are set at least three or 
more characteristic curves each having an energy value 
other than the maximum or minimum energy for a arbi- 
trary density value in a halftone area. At the maximum 
tone density (step 255), characteristic curve energy is 
set a little high as compared with other tone areas (190 
in FIG. 2. 220 fis in FIG. 3. 300 n5 *n FiG. 4), 
whereby "solid" flatness is improved. 
[0033] in the minimum density value where energy of 
a print dot reaching substantially the mawmum exists, 
the number of print dots with energy being substantially 
the mnlmum is set to a half or more of the total number 
of print dots. 

[0034] FIG. 5 to FIG. 7 show matrixes (unit blocks) to 
irxlicate which conversion curve anfK)ng energy conver- 
sion characteristics is selected. FIG. 5 shows a BK 
matrix. FJG. 6 shows a C matrix, and FIG 7 shows an U 
matrix. 

[0035] Each matrix is formed of a unit block. Each of 
the unit blocks of the matrixes consists of a different 



..yfpj^er of dm because qI ine.sameJengih ar)d widlh 
and diHerent subscanning resoiution,, and gradation 
conversion Is executed in accordance v^jth the gradatior? 
gp^versi.on characteristm defined by the relative position 
5 relationship in the block. Then, a different pulse width is 
assigned to each tone dens}ty and energy applied to 
each pnnt dot in the unit block is determined. 
{00361 in each matrix, element value "X ' is a print dot 
to which energy is little applied with respect to any tone 
if density and ''V "2" '"3;^ are print dots corresponding 
to cnarBCiensHc curves A" 'B, " "C: ... in FIG. 2 to FIG. 
4. in each color matrix, the resolution in the main scan- 
ning direction is 600 dpi and the resolution in the sub- 
scanning direction is 1200 dpi (dots per inch) (BK), 900 
to dpi (C), or 600 dpi (M). The matrix size in terms of the 
number of elements is 8 dots long by 4 dots wide (BK), 
6 dots long by 4 dots wide (C). or 4 dots long by 4 dots 
wide (M). Since the BK matrix has a resolution of 1200 
dpi in the subscanning direction, for example, if 150 
m blocks/inch are used as unit blocks, each unit block con- 
tains 32 print dots of 8 dots-long by 4 dots wide 

therefore there is a possibility that 32 types of gradation 

conversion characteristics at the maximum will become 
necessary. However, print dots converted in accordance 
25 with the same gradation conversion characteristic exist, 
thus 17 types of gradation conversion characteristics 
are assigned to 32 print dots. This assignment is exe- 
cuted to the matrixes BK. C, and M uniquely and to the 
Y matrix as random numbers. 
30 10037] The Y matrix has the same size (4 dots long by 
4 dots wide) and resolution (600 dpi in the main scan- 
ning direction and 600 dpi in the subscanning direction) 
as the M matrix; print dot characteristic cun^es are 
determined with the matrixes such that the positions of 
35 matrix elements other than "X" are made different as 
random from one matrix to another 
[0038] If the sizes and resolutions of the color 
matrixes are set as described above, the matrixes on 
the image have the same size (length in the actual 
40 space rather than the number of elements) independ- 
ently of colors. 

[0039] Since a very large number of tone density-print 
energy conversion curves (gradation conversion char- 
acteristic curves) are set and three or more print dots 
45 having an intermediate energy value other than the 
maximum or minimum energy are set at the halftone 
area, continuous gradation can be realized easily and 
stably. 

[0040] The matrix conditions are as follows: 

50 

BK matrix 
[0041] 

55 1 Subscanning resolution conversion; 600 to 1200 
dpi 

Conversion of original data resolution 600 dpi 
to 1200 dpi by applying adjacent interpolation (sub- 
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scanning direction adjacent pixel resolution value 
128 gradation steps or more) and linear Interpola- 
tion (subscanning direction adjacent pixel resolu- 
tion value less than 128 grada^on steps) 

2. Block configuration: 5 

8 lines in subscanning direction 
4 lines in main scanning direction 

3. Number of print dots fn block: 32 io 

4. Gradation conversion characteristic types: A to P 

5. Gradation conversion characteristic assignment 
to print dot: 

Unique 

6. Gradation conversion: 256 to 64 gradation steps is 

Conversion of original gradation steps 256 to 
64 according to conversion table 

7. Pulse width assignment: 

Assignment of 64 gradation steps to pulse 
widths according to conversion table. 

Cmat rix 



verted. 

2. Block configuration: 

4 lines in subscanning direction 
4 lines in main scanning direction 

3. Number of print dots in block: 16 

4. Gradation conversion characteristic types: A to H 

5. Gradation conversion characteristic assignment 
to print dot; 

Unique 

6. Gradation conversion: 256 to 128 gradation 
steps 

Conversion of original gradation steps 256 to 
128 acconding to conversion table 

7. Pulse width assignment: 

Assignment of 128 gradation steps to pulse 
widths according to conversion table. 



{0044] 



20 Y matrix 



[0042] 

25 

1. Subscanning resolution conversion: 600 to 900 
dpi 

Conversion of origfnal data resolution 600 dpi 
to 900 dpi by applying adjacent interpolation (sub- 
scanning direction adjacent pixel resolution value so 
128 gradation steps or more) and linear interpola- 
tion (subscanning direction adjacent pixel resolu- 
tion value less than 128 gradation steps) 

2. Block configuration: 

35 

6 lines in subscanning direction 
4 lines in main scanning direction 

3. Number of print dots in block: 24 

4. Gradailon conversion characteristic types: A to L 40 

5. Gradation conversion characteristic assignment 
to print dot: 

Unique 

6. Gradation conversion: 256 to 128 gradation 

steps 45 

Conversion of original gradation steps 256 to 
1 28 according to conversion table 

7. Pulse width assignment: 

Assignment of 128 gradation steps to pulse 
widths according to conversion table, so 

[0043] 

55 

1. Subscanning resolution conversion: No conver- 
sion 

Original data reso\u^on 600 dpi is not con- 



1- Subscanning resolution conversion: No conver- 
sion 

Original data resolution 600 dpi is not con- 
verted, 

2. Block configuration: 

4 lines in subscanning direction 

4 lines in nr^ain scanning direction v 



3- Number of print dots in block: 16 

4. Gradation conversion characteristic types: A to H ; 

5. Gradation conversion characteristic assignment 
to print dot: 

Gradation conversion characteristics are 
assigned to print dots 1-8 exclusively and as ran- 
dom. 

6. Gradation conversion: 256 to 128 gradation 
steps 

Conversion of original gradation steps 256 to 
128 according to conversion table 

7. Pulse width assignment: 

Assignment of 128 gradation steps to pulse 
widths accord'mg io caryver&on table. 

[0045] Processing of the gradation processing section 
26 will be discussed with reference to FIG. 8 to FIG, 1 0. 
[0046] FIG. 8 is an enlarged view of BK highlight (step 
64) recorded dots, FIG. 9 is an enlarged view of BK half- 
tone (step 128) recorded dots, and FIG. 10 is an 
enlarged view of BK shadow (step 192) recorded dots; 
(a) shows recorded dots according to the embodiment 
and (b) shows conventional recorded dots. 
[0047] Comparing the recorded dot arrangements in 
(a) and (b) of eacti figure, in FIG. 8. gradation is repro- 
duced by large size and small numbers of recorded 
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dots, m thai; loss of recorded dots easiiy occumng m 
highlight Is sm^onspicuous, Tnus, n refolded prxete at 
^ow density are formed on a white bacKground, occu^ 
rence of mi^ghness j$ avcnded and-.fepjX)duQbii)ty is 
improved. 

{00481 Other examples of conversion processing 
using gradation conversion table wiil be discussed- 
10049] FIG. 1 1 to FIG. 14 show other examplesof gra- 
dation conversion characteristics. FIG. 11 shows the BK 
gradation conversion characteristic, FIG. 12 shows the 
C gradation conversion characteristic, FIG- 13 shows 
the M gradation conversion characteristic, and FIG. 14 
shows the Y gradation conversion characteristic, in FIG. 
11 to FIG. 14, the horizontal axis denotes input image 
tone density and the vertical axis denotes the record 
pulse width (time) corresponding to the recorded dot 
size. The input image tone density has 256 gradation 
steps (0-255). 

10050] For the gradation conversion characteristics 
shown in FiG. 1 1 to FIG. 14 like those shown in FIG. 2 
to FIG, 4, ihew are set at least five lines or more char- 
acteristic curves indicating-iherelationship-between 
input image tone density values and energy to generate 
recorded dots (17 lines of A to P and X in FiG. 11.12 
fines of A to L and X in FIG, 12. and nine lines of A to H 
and X in FIG. 13 and FJG. 14). Here, conversion charac- 
teristic curve X is assigned to element "X" of each 
matrix shown in FIG. 5 to FIG. 7 and is set so that pre- 
determined energy is applied only to the maximum tone 
density (step 255). 

10051] The BK, C, M, and Y gradation conversion 
characteristics shown in FIG. 11 to FIG. 14 differ from 
those shown In FIG. 2 to FIG. 4 in that line pitches of the 
gradation conversion characteristic curves vary. That is. 
the line pitches are widened gradually from the highlight 
area to the shadow area. 

{0062] The gradation conversion characteristics 
shown in FJG. 11 to FIG. 13 are assigned to the 
matrixes shown in FIG. 5 to FIG. 7 respectively The Y 
gradation conversion characteristic shown in FIG. 14 is 
assigned to the M (Y) matrix shown in FIG. 7. At this 
time, the gradation conversion characteristic X is 
assigned to the matrix element "X" uniquely and the 
gradation conversion characteristics A to H are 
assigned to the positions of matrix elements other than 
"X " as random. 

[0053] Conversion tables 1 (for gradation conversion) 
and 2 (for pulse width assignment) in the color matrixes 
to obtain the gradation conversion characteristics 
shown in FIQ 11 to FIG. 14 are shown in FIG. 15 to 
FIG. 22, 

[0054] Printing with recorded dots according to the 
present embodiment (example) and printing with con- 
ventional recorded dots (control example) will be dis- 
cussed with reference to FJG. 23. which shows 
reproducibility when repetitive printing is executed from 
highlight to shadow. The vertical axis indicates standard 
deviation and the horizontal axis irdicates average den- 



:Sfiv^. As sho^n In flQ. 2X printing pas$d ob ine prasanl 
embodiment has small s^tandarxj deviation, meaniiig 
that the i epettiive f eproduoibility i£ high^ 
r0055] In the embodimenL BK recoitied dots have 
5 Deen mamiy described, but similar description is also 
applied to C. and V. To superpose colors on each 
other to reproduce multiple colors, the subscanning 
periods of the colors are make different and the 
recorded dot positions are made different for each color, 
70 whereby continuity of gradation is improved and if 
superposition of the colors shifts, a sense of incongruity 
for visual sensation can be reduced. 
10056] An image formation system described in Japa- 
nese Patent Publication No. 2608808 is similar to the 
;5 embodiment of the present invention. There is shown an 
example wherein four characteristic curves of gradation 
conversion table and two types of "energy values other 
than the maximum or minimum energy at the halftone 
area * exist, In this case, however, if printing is executed 
20 on a recording material having a thin ink layer, continuity 
nbf^radation cannot be stably r That is. it has 

__ _ been shown that if a condition of settling ^^^^ 

gradation to visible level or less at one temperature and 
humidity is found out, when the temperature or humidity 
?5 changes, the tone jump exceeds the visible level and 
therefore a sufficient effect <3nnot be obtained. 
[0057] Then, to print on a recording material having a 
thin ink layer, it has been confirmed that at least five 
characteristic curves of gradation conversion table are 
30 set and at least three types of energy values other than 
the maximum or minimum energy at the halftone area 
are set, whereby a sufficient'effect on a recording mate- 
rial having a thin ink layer can be obtained. 
[0058] The image formation method described above 
55 is more advantageous if rt is applied to a recording 
material having a thin ink layer. TTie following recording 
material disclosed in Unexamined Japanese Patent 
Publication No. Hei 7-117359 can be named as such a 
recording material: 
40 [0059J Thermal transfer recording material having a 
substantially transparent thermal ink layer containing 
30-70 parts by weight of a pigment and 25-60 parts by 
weight of an amorphous organic macromolecular poly- 
mer having a sottening point at 40X^1 50**C, the thermal 
45 ink layer having a film thickness ranging from 0.2 ^m to 
1 ,0 fim wherein the diameter of each of particles of 70% 
or more of the pigment in the thermal ink layer is 1.0 jim 
or less and the optical reflection density of a transfer 
image is at least 1 .0 or more on a white support 
50 [0060] As has been described heretofore, according 
to the present invention, the characteristic cun/es of a 
gradation conversion table indicating the relationship 
between tone density values and energy to generate 
recorded dots are set to at least five lines and there are 
55 set at least three types of energy values other than the 
maximum or minimum energy in a arbitrary tone density 
at the halftone area, whereby smoothly continuous gra- 
dation is provided. Further, in the minimum gradation 
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value where a pn'rtt dot with energy reaching substan- 
tially the maximum exists, the number of print dots with 
energy being substantially the minimum is set to a half 
or more of the total number of print dots» whereby even 
if recorded pixels at low density are formed on a white 5 
background, occurrence of roughness can be 
decreased remarkably. 

[0061] Therefore, the image formation method can 
also be used for printing on a printed matter which is 
hard to say that characteristics thereof are always sta- 10 
We, and can provide a high-quality recording image. 

Claims 

1. A method for forming an image comprising the is 
steps of: 

dividing an inputted Image into a plurality of unit 
areas; 

preparing at least fjye gradation conversion 20 
tables relating a density value of tha density 
"data to a dot generation energy value corre- 
sponding to a size of a dot to be printed; 
preparing a matrix dividing each of the unit 
areas into predetermined number of element 2S 
areas; 

dividing each of the unit areas into predeter- 
mined number of the element areas by means 
of the matrix; 

assigning one of the plurality of gradation con- 30 

version tables to each of the element area in 

each of the unit area; and 

recording the dots converted from the density 

data, 

wherein the plurality of conversion tables are 35 
prepared in such a manner that there exists at 
least three converted energy values other than 
the minimum and the maximum values thereof 
at an arbitrary density value in halftone density, 
and 40 
wherein the plurality of conversion tables are 
prepared in such a manner that the number of 
element areas in which the rranimum value of 
the converted energy is assigned is more than 
half of the number of all the element areas at 45 
the minimum density level having the maximum 
value of the converted energy. 

2. A method for forming an image as set forth in claim 

1, wherein the mputted image data includes a plu- so 
rality of color plate image data, and there is exe- 
cuted from the step of di\/k!iinQ the inputted image to 
the step of recording the dots with respect to each 
of the color plate image data. 

55 

3. The image formation method as set forth in claim 2. 
wherein there are prepared at least three kinds of 
matrixes in which the numbere of the element areas 



arranged in one of the horizontal direction and the 
vertical direction thereof are different from each 
others- 

4. The image formation method as set forth in claim 2. 
wherein the assignment of the plurality of conver- 
sion tables to the each of the efeoient areas are 
executed exclusively and as random with respect to 
one of the plurality of color plate image data, 

5. The image tormation method as set forth in claim 2, 
wherein the assignment of the plurality of conver- 
sion tables to the each of the element areas are 
executed based on a predetermined rule with 
respect to the color plate image data other than the 
one color plate image data. 

6. The image formation method as set forth in claim 5, 
wherein the predetermined rule is different from 
each others in the color plate image data. 



7. The image formation method as set forth in claim 4, 
wherein the one color ptate image data is a color 
plate image data having the least density. 

8. TTie image formation method as set forth in claim 7. 
wherein the plurality of color plate image data are 
image data of cyan, magenta, yellow and black 
plates, and one color plate image data is the ima^e 
data of the yellow color plate. 
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